Abstract-The Department of Veterans Affairs (VA) uses the Neurobehavioral Symptom Inventory (NSI) to measure postconcussive symptoms in its comprehensive traumatic brain injury (TBI) evaluation. This study examined the NSI's item properties, internal consistency, and external validity. Data were obtained from a federally funded study of the experiences of combat veterans. Participants included 500 Operations Iraqi and Enduring Freedom veterans, 219 of whom sustained at least one TBI. Data were collected at five VA medical centers and one VA outpatient clinic across upstate New York. Measures included neuropsychological interview, NSI, Beck Anxiety Inventory, Beck Depression Inventory-II, and Posttraumatic Stress Disorder Checklist-Military Version. The NSI demonstrated high internal consistency (total alpha = 0.95; subscale alpha = 0.88 to 0.92). Subscale totals based on Caplan et al.'s factor analysis correlated highly with the NSI total score (r = 0.88 to 0.93). NSI scores differentiated veterans with TBI history from those without but were strongly influenced by variance associated with probable posttraumatic stress disorder, depression, and generalized anxiety. Results suggest that the NSI is a reliable and valid measure of postconcussive symptoms. Scale validity is evident in the differentiation of TBI and non-TBI classifications. The scale domain is not limited to TBI, however, and extends to detection of probable effects of additional affective disorders prevalent in the veteran population.
INTRODUCTION
Postconcussive symptoms, including affective, somatic, sensory, and cognitive complaints, commonly occur after mild traumatic brain injury (mTBI) [1] [2] [3] [4] . However, these symptoms are not specific to mTBI. They overlap with many other disorders, such as depression, generalized anxiety disorder (GAD), and posttraumatic stress disorder (PTSD), as well as some experiences common to everyday life (e.g., headaches) [5] [6] [7] [8] [9] . Estimates suggest that as many as 20 percent of veterans of Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) have experienced at least one traumatic brain injury (TBI) [10] [11] [12] . Approximately one-third of those veterans with TBI have comorbid PTSD or depression, and significant proportions also experienced a host of other affective concerns and physical injuries both during deployment and postdeployment [10] [11] . Identification and management of postconcussive symptoms, therefore, pose a notable clinical challenge [13] [14] .
In 2007, the Department of Veterans Affairs (VA) mandated screening and follow-up for TBI and associated symptoms for all veterans of OIF/OEF [14] [15] [16] . A positive TBI screen is indicated by an individual veteran's endorsement of exposure to a potential TBI event, loss of consciousness (LOC) or alteration of consciousness, symptoms proximal to the injury, and current symptoms. Positive screens result in referral for a comprehensive TBI evaluation (also known as the second-level evaluation), which includes administration of the Neurobehavioral Symptom Inventory (NSI), a self-report measure of current postconcussive symptoms, as well as a medical examination and additional diagnostic testing as necessary [15, 17] .
The current version of the NSI was first published as a symptom checklist in 1995 by Cicerone and Kalmar in the Journal of Head Trauma Rehabilitation [17] . In their study, the authors recruited 50 patients diagnosed with TBI based on criteria of altered mental status due to impact or acceleration/deceleration injury and the potential presence of LOC (30 min) or posttraumatic amnesia (24 h). Via cluster analysis, they grouped patientendorsed symptoms into four distinct categories: affective, cognitive, somatic, and sensory. Symptoms such as headaches, difficulty sleeping, numbness, difficulty hearing, and change in taste or smell did not cluster into any category and were excluded from their follow-up analyses, though they remain listed as items on the measure. A more recent study by Caplan and colleagues using data collected from three large military samples utilized factor analysis to show that a three-factor model composed of somatic/sensory, affective, and cognitive symptoms provided a better fit for symptom groupings [3] .
Although the initial intent of Cicerone and Kalmar's study was to provide commentary on the structure of postconcussive symptom reporting, current clinical use of the measure is actually oriented toward a quantification of perceived symptom severity [15, 17] . However, a recent study by Donnelly and colleagues aimed at examining potential NSI response patterns raised questions about the NSI's ability to accurately identify symptoms uniquely associated with TBI [18] . In this study, 75 veterans with a history of TBI completed a series of selfreport measures and a neuropsychological test battery. Those veterans with probable PTSD yielded significantly higher aggregate NSI scores than did those without. Another study by Benge et al. echoed these findings by demonstrating that the presence of PTSD accounted for substantial variance (5%-38%) in postconcussive symptom reporting [4] .
The present study aims to build on this knowledge base and further clarify the NSI's psychometric properties in three ways: first, by providing an item analysis of the NSI; second, by determining the internal consistency of the NSI; and finally, by estimating the external validity of the NSI relative to probable TBI, PTSD, depression, and GAD.
METHODS
This investigation into the psychometric properties of the NSI is one component of a multisite, longitudinal study of the experiences of OIF/OEF veterans. Item analyses and estimates of internal consistency and external validity are provided. Expert ratings based on a structured diagnostic interview provided the criterion for TBI diagnosis in this study. Each participating site was granted approval from both its institutional review board and research and development (R&D) committee. Participant responses are protected via a Certificate of Confidentiality granted by the National Institute of Mental Health. A complete description of our methodology can be found in a separate publication [19] .
Participants
The data set for the present study comprises 500 veterans residing in the upstate New York Veterans Integrated Services Network (VISN 2). Participants were recruited from five large VA medical centers across New York State and one outpatient clinic, with representation from urban, suburban, and rural geographic regions. OIF/ OEF veterans who intended to remain in upstate New York for the 18-month duration of the parent study were eligible for inclusion, with the exception of those who lacked capacity to provide informed consent. No veterans were excluded based on the consent criterion, however, and no vulnerable participants were included.
The sample included individuals recruited from a registry of OIF/OEF veterans across VISN 2 (n = 248), as well as veterans referred for clinical neuropsychological or polytrauma assessment (n = 252). Participants were compensated for their time and travel. Most veterans completed the full interview and test battery, although a small number (n = 6) discontinued because of adverse reactions or time constraints. Participants included 452 (90.4%) male and 48 (9.6%) female veterans ranging in age from 20 to 60 (mean ± standard deviation [SD] = 32.2 ± 8.9). Their number of years of service ranged from 1 to 33 (mean ± SD = 10.0 ± 7.5), and they reported a range of 1 to as many as 15 combat deployments (mean ± SD = 1.7 ± 1.2). Table 1 briefly summarizes additional participant characteristics.
Measures

Clinical Interview
A structured diagnostic interview was cooperatively developed and administered by study investigators to gauge the likelihood and severity of TBI among participants. The interview referenced diagnostic criteria outlined by The Management of Concussion/mTBI Working Group [20] and are available in the Appendix (available online only). Additional items were added to further detail circumstances, events, and symptoms surrounding the injury. The interview did not assess for current postconcussive symptoms because this was not required for a diagnosis of TBI. That information is elicited in the VA TBI Screening Tool, which we have described elsewhere [19] . Table 2 summarizes additional details gleaned from the interview, including the frequency and severity of identified head injuries.
Neurobehavioral Symptom Inventory
The NSI is a 22-item self-report measure of postconcussive symptoms [17] . On this measure, respondents rate the degree of symptom severity on a five-point scale that ranges from zero (none; symptom is rarely ever present/not a problem at all) to four (very severe; symptom is almost always present/impairs performance at work, school, or home/individual probably cannot function without help). A full listing of symptoms assessed in the NSI can be found in Table 3 , organized based on Caplan et al.'s suggested symptom groupings [3] .
Beck Anxiety Inventory
The Beck Anxiety Inventory (BAI) is a 21-item measure of GAD symptoms [21] . Symptoms are rated on a 4-point scale (0 to 3) of how intensely they have been experienced over a 1-week period. Queried symptoms include somatic and emotional indicators of anxiety, such as increased heartbeat, indigestion, difficulty breathing, and various fears.
Beck Depression Inventory-II
The Beck Depression Inventory-II (BDI-2) is a 21-item measure of subjective depressive symptoms [22] . Symptoms are rated on a 4-point scale (0 to 3) of how intensely they have been experienced over a 2-week period. Queried symptoms include suicidal thinking behaviors, crying, and other positive and vegetative symptoms of depression, such as changes in sleep and appetite.
PTSD Checklist-Military Version
The PTSD Checklist-Military Version (PCL-M) is a 17-item self-report survey of PTSD symptoms based on Diagnostic and Statistical Manual of Mental DisordersFourth Revision diagnostic criteria [23] . Respondents are asked to rate the frequency of PTSD-related symptoms on a 5-point scale from 1 (not at all) to 5 (extremely) over the course of a 1-month period. Items probe such experiences as disturbing memories and dreams, relational or interpersonal difficulties, and other somatic and cognitive concerns.
Procedure
Data were derived from the parent study. Complete details on recruitment, sampling, consent, and interview procedures can be found in our previous work [19] .
Items in the structured interview were extensively reviewed for consensus on administration and scoring among the investigators before implementation, with ongoing biweekly consultation once data collection commenced. Interviews were conducted by licensed psychologists, and the NSI, BDI-2, BAI, and PCL-M were then administered by trained research assistants who were supervised by the licensed psychologist investigators at 
Analysis
Data Screening and Quality Control
Before data analysis, cases were reviewed for accuracy across multiple stages. The data set was first carefully checked for accuracy by study staff, and all items were examined again before analysis to be certain that the values were within range. Incomplete data resulted in the exclusion of NSI values from 6 cases, BDI-2 data from 11 cases, and BAI and PCL-M data from 12 cases. Demographic characteristics and descriptive statistics are reported for relevant test items and measures.
Computation of Total and Subscale Scores
Although Cicerone and Kalmar initially did not report a total NSI score, the sum of all 22 symptom ratings was calculated for the purposes of this study [17] . Beyond the NSI total score, we computed the sum totals for each factor suggested in Caplan et al.'s study, which resulted in three additional subscales (somatic/sensory, affective, and cognitive) [3] .
Analysis of Primary Research Questions
All analyses were performed with PASW version 17 or IBM SPSS version 19 (IBM; Armonk, New York). Internal consistency reliability of the NSI was examined via Holmbeck and Devine's suggestion and included a calculation of coefficient alpha for the NSI total and three subscales [24] . Independent samples t-tests explored differences in NSI and affective scores between participants with TBI history versus those without based on the structured diagnostic interview. Pearson correlation coefficients and partial correlations were used to determine item-total correlations as well as to estimate the strength and unique variance in the relationships between the NSI total score and TBI and affective diagnostic groups. PCL-M scores of 50 or above, BDI-2 scores of 20 (moderate depression) or above, and BAI scores of 16 (moderate anxiety) or above were used to determine probable positive diagnostic groups.
RESULTS
Sample Descriptive Statistics
The sample was primarily Caucasian (85.8%) but was similar to general OIF/OEF sex division [25] . For those participants who were confirmed to have sustained a TBI, mean time since injury was more than 3 years (mean ± SD = 41.45 ± 21.66 mo; range = 0-96 mo). Among individual NSI items, the most highly endorsed symptoms included irritability, sleep disturbance, anxiety, and forgetfulness. A summary of descriptive statistics for the combined sample and subsamples of previously braininjured patients (TBI+) and non-brain-injured controls (TBI-) can be found in Table 4 .
Item and Scale Analysis by Traumatic Brain Injury Status
Item-total correlations yielded relatively high degrees of correspondence among items such as anxiety (r = 0.83), forgetfulness (r = 0.81), and concentration and poor frustration tolerance (r = 0.80 for each). Caplan et al.'s affective and somatic/sensory subscales correlated most highly with the NSI total score (r = 0.93 and 0.92, respectively). Relatively lower degrees of correspondence existed between the NSI total score and changes in taste or smell (r = 0.49), nausea (r = 0.56), and hearing difficulty (r = 0.57). Results of multiple independent samples t-tests indicated statistically significant differences between the patient sample (TBI+) and control group (TBI-) on all NSI and affective variables (p < 0.01 for each). Calculation of Cohen d and respective confidence intervals suggested relatively high magnitudes of difference (roughly 0.44 to 0.85) for virtually all NSI and affective observations. Somatic/sensory reports showed the greatest between-group difference in postconcussive symptom reporting (d = 0.82), but the largest magnitude of effect was noted between patient and control reports of PTSD symptoms (d = 0.85). A summary of these data can be found in Table 4 .
Reliability
Internal Consistency
A total of 494 observations of each of the 22 NSI items and three subscales was used in the calculation of internal consistency ( Table 5) . Cronbach alpha for the comprehensive scale was 0.95, which indicates a high degree of internal consistency. High alphas for each of the subscales were observed as well (0.88 to 0.92).
External Validity
Correlations and partial correlations were examined to estimate the strength and unique variance in the relationships between the NSI total score and probable diagnoses of TBI, PTSD (PCL-M score 50), depression (BDI-2 score 20) and GAD (BAI score 16). These coefficients were first calculated for the complete sample and then by sequentially estimating the partial correlation controlling for the other three variables.
The correlations in Table 6 show a moderate relationship of NSI total with TBI status. In contrast, consistent and moderately strong positive relationships between the NSI total and all three affective measures were evidenced. The partial correlations provide estimates of the unique variance shared by the NSI with probable TBI, PTSD, depression, and GAD. This pattern of coefficients suggests that NSI scores were more strongly related to affective measures than to probable TBI.
The final analysis addressed the pattern of NSI total scores across all possible combinations of the probable diagnostic groups. There are a total of 16 possibilities, ranging from not meeting criteria for any probable diagnostic The most prevalent group is that which met none of the four probable diagnostic group criteria (148 veterans; 29.9% of the study sample). This group represents the lowest mean NSI. At the opposite end of the NSI score continuum is the second most prevalent group, which met all four probable diagnostic group criteria (92 veterans; 18.6% of the sample). The overall pattern suggests that the NSI is sensitive to increasing diagnostic burden in a roughly additive way. That is, the NSI total scores tend to increase as additional diagnostic thresholds are crossed.
DISCUSSION
A significant proportion of modern combat veterans experience TBI, and a substantial body of literature indicates that many of these veterans report "postconcussive symptoms." However, a comparable series of studies also substantiate that physical, emotional, and cognitive complaints commonly associated with postconcussive symptoms, such as headache, sensitivity to light and sound, memory problems, anxiety, and depression, are nonspecific, thereby overlapping with many other disorders. Especially germane with this population is the known overlap of such symptoms with PTSD. Accordingly, accurate and timely identification and management of these symptoms are notably and persistently challenging.
In this study, we aimed to detail the psychometrics of the NSI, the symptom complaint measure that VA uses to evaluate veterans' reports of postconcussive symptoms. Specifically, we provided an item analysis of the NSI, demonstrated its internal consistency, and estimated its external validity relative to probable TBI, PTSD, depression, and GAD. Ultimately, our results showed a high degree of correspondence among most NSI items and the NSI total score, particularly anxiety, forgetfulness, difficulty concentrating, and poor frustration tolerance (r = 0.80 to 0.83), and the overall scale demonstrated a high degree of internal consistency ( = 0.95). Also, subscale totals based on Caplan et al.'s somatic/sensory, affective, and cognitive symptom groupings correlated highly with the NSI total score (r = 0.88 to 0.93) and each subscale demonstrated high internal consistency as well (= 0.88 to 0.92).
As expected, the veterans who had experienced TBI rated all NSI symptoms significantly higher than controls. However, they also reported significantly higher symptom endorsements of GAD, depression, and PTSD symptoms as measured by the BAI, BDI-2, and PCL-M, suggesting higher overall levels of affective disturbance in this group as well. As evidenced by our investigation of external validity, NSI total scores correlated strongly with all affective measures, regardless of TBI status. The strongest overall correlation was observed between the NSI and PCL-M, but the magnitude of this correlation was similar to those for depression and GAD. Partial correlations estimated the amount of unique variance shared among the NSI, TBI, and affective scores, and affective ratings again emerged as the strongest source of variance. When the pattern of NSI scores in relation to probable diagnoses of TBI, PTSD, depression, and anxiety were examined, total symptoms clearly increased in an approximately linear and additive fashion.
Several limitations are evident in our study and warrant mention. Perhaps most noteworthy is the fact that the majority of the previously brain-injured veterans in our sample were injured on average more than 3 years before completing our measures. Therefore, these results may not apply to other civilian or even Active Duty samples that may report on symptom complaints more proximal to the date of injury. Although the TBI+ group reported significantly higher affective symptoms than controls, we are only able to report the presence of these symptoms, not to discern whether these ratings stem from the TBI-inducing incident, were exacerbated by it, predate it, or are completely independent of it altogether. Also, as a group, even noninjured controls reported generally high endorsements of PTSD symptoms based on PCL-M scores (mean ± SD = 45.5 ± 16.6) and moderate levels of depression per BDI-2 scores (mean ± SD = 19.7 ± 11.8); therefore, our results may not accurately portray the magnitude of difference in symptom reports that might be found in a less traumatized, less depressed, or civilian control sample, in which rates of PTSD are significantly lower [26] . Furthermore, we did not have access to individually coded PCL-M items and, therefore, could not address same-item endorsement on the NSI (e.g., irritability, sleep disturbance, difficulty concentrating), which likely skewed the strength of the observed relationships. Finally, because our structured interview did not assess the presence of current postconcussive symptoms in the patient sample, we were unable to use this as a metric for comparison with the control sample. Despite these limitations, our findings indicate that probable PTSD and other affective concerns are a significant factor in reports of postconcussive symptoms in veterans with a documented history of TBI. Future research may investigate the effect of medical, psychological, and psychiatric interventions on mitigating symptoms in this unique population as well as the potential benefits of targeting specific affective presentations (e.g., hyperarousal symptoms in PTSD) known to overlap with postconcussive symptom complaints.
Figure.
Neurobehavioral Symptom Inventory (NSI) total scores (mean and 95% confidence interval [CI]) by probable diagnostic groups (n, % of sample). Line center points reflect NSI mean for each probable diagnostic group; line width represents 95% CI. GAD = generalized anxiety disorder, PTSD = posttraumatic stress disorder, TBI = traumatic brain injury.
CONCLUSIONS
In summary, the NSI appears to be a reliable and valid measure of postconcussive symptoms. However, consistent with previous research, we have demonstrated that significant affective disturbance has the potential-if not likelihood-to inflate ratings of postconcussive symptoms in noninjured controls and veterans with a history of TBI even many years after injury, long after we might expect true "postconcussive" symptoms to have resolved.
